Abstract-Transmural stimulation applied to the isolated sphincter of Oddi from rabbit caused a transient contraction.
It has been reported that intrinsic or extrinsic nerve stimulation applied to various smooth muscles causes atropine-resistant contractions.
There are two different opinions regarding the genesis of such contraction. One is a rebound theory, based on the hyper polarization of the smooth muscle cell membrane (I-4).
In the guinea-pig distal colon, rebound was shown to derive from a preceding inhibition (3, 5) . From this standpoint, it is unlikely that chemical mediators including acetylcholine are involved in the atropine resistant contractions.
Another is based on the release of unknown spasmogens through excitation of non cholinergic neurons (6, 7) . Recently, Burnstock and associates (8) reported that atropine resistant contraction of the guinea-pig urinary bladder was induced by release of adenosine triphosphate from the purinergic neurone.
During pharmacological analysis of the nature of the isolated rabbit sphincter of Oddi, it has been noted that transmural stimulation of the preparation gives rise to an atropine resistant contraction. The facts that the contraction is non-myogenic but nerve-mediated and that after potentiation by pretreatment with physostigmine it is greatly reduced by atropine are reported herein.
MATERIALS AND METHODS Albino rabbits of both sexes weighing 1.8 to 2.2 kg were sacrificed by exsanguination from common carotid arteries. The terminal portion of the common bile duct was resected from remaining tissues, made tube-shaped, suspended vertically in a 20-m1 organ bath. Resting tension was adjusted to 2 g and maintained throughout experiment. Changes of tension were recorded isometrically on a two-channel penwriter (Sanei Sokki Co.) by means of a force-displacement transducer (Nihon Kohden Kogyo Co.).
Composition of nutrient solution was as follows (mM); NaCI; 154, KCI; 5.4, CaCl,;
2.2, NaHCO3; 5.9 and glucose; 11.1 equilibrate with 95 % 02 and 5 % CO_ Temperature was maintained at 37*0.5°C. Before measurements were started, the preparation was allowed to equilibrate for 1.5 to 2.0 hrs in the bathing solution. To stimulate the pre paration, the preparation was placed between a pair of stimulating electrodes of platinum plate 5 x 7 mm in size and 7 mm apart. Gaps between the electrodes and the strip were wide enough to allow undisturbed the movement of the sphincter of Oddi and yet suffi ciently narrow to stimulate the intramural nerve terminals effectively. For transmural stimulation, a train of square pulses delivered from an electronic stimulator (Nihon Kohden Kogyo Co., MSE-3R) were passed through the electrode. In a series of cold storage ex periments, the preparation was stored at 2°C for 2 to 6 days. It was then returned to room temperature 2 hrs before use for recording contractile response. Agents to be tested were added to the organ bath. The preparation was washed repeatedly and allowed to recover for at least 40 min before the next trial. Drugs used are as follows; 1-noradrenaline bitartrate (NA), acetylcholine hydro chloride (ACh), atropine sulfate, physostigmine salicylate, hemicholinium-3 (HC-3, Aldrich Chemical Co.), morphine hydrochloride, strychnine sulfate, phentolamine mesylate, dl propranolol hydrochloride, pentolinium tartrate, adenosine 5'-triphosphate disodium salt (ATP), tetrodotoxin (TTX, Sankyo Pharmaceutical Co.) and ethylendiaminetetraacetic acid disodium salt (EDTA). Concentrations of these drugs are expressed as final molar concentration in the organ bath.
RESULTS

Response to transinural stimulation
The isolated preparation of the sphincter of Oddi was stimulated electrically through bipolar platinum electrodes. Transmural stimulation (0.3 msec duration, 5/sec, 60 V, The size of response increased with stimulus intensity until a plateau was attained at 40 V, and it was also increased with stimulus frequency and pulse duration. However, changes in stimulation period ranging from 5 to 60 sec only slightly affected the contractile response. Both initial and late components were observed in all stimulus parameters used.
AIropilic-resistant contraction
Pretreatment with atropine inhibited the initial component and sometimes converted it to a relaxation ( Fig. 3, A&B) . The relaxation was unaffected by phentolamine 10_e M and propranolol 3 , 10 M, alone or combined.
On the other hand, the late component was little affected by atropine (Fig. 3, A&B) . The exogenously applied ACh increased the tone of the sphincter of Oddi, depending on the concentration, and the contractile response to ACh was competitively antagonized by atropine.
Pretreatment with physostigmine potentiated both components, depending on the concentration (Fig. 4) . The contractile response to exogenously applied ACh was also potentiated. On the other hand, the contractile response to exogenously applied ACh was un affected under such conditions (Fig. 6 ).
Autonomic drugs
The contractile responses to transmural stimulation were unaffected by pentolinium Fic. 9. Action of ATP and EDTA in the isolated sphincter of Oddi from rabbit.
DISCUSSION
It has been reported that atropine-resistant secondary contractions in the segments from various visceral smooth muscles were principally myogenic in origin (1) (2) (3) (4) . How ever, the present results suggest that not only the initial component but the atropine-re sistant late component of the contraction caused by transmural stimulation is due to a nerve-mediated excitation. This hypothesis is based on the facts that these contractile responses were completely abolished by TTX in a low concentration, greatly reduced by N2 gas-bubbling anoxia and significantly reduced in cold stored preparations. TTX, though inert to smooth muscle, effectively paralyzes its nerve supply (9) . In the sphincter preparations, the concentration of TTX required to completely abolish the contractile response to transmural stimulation of 1.0 cosec duration was a hundred times higher than that of 0.1 or 0.3 cosec duration.
It is well known that because of the low safety in the nerve terminal, synaptic transmission is more susceptible to anoxia than nerve or muscle excitability (10) . Storage of isolated taeniia coli or aortic preparation at 2-C for 4 days re sults in morphological and functional deterioration of the adrenergic nerve element without decreasing the reactivity of muscle element to chemical stimulants (11) (12) (13) It is clear that the initial component of contraction in the sphincter preparation is mediated through release of ACh from the intramural postganglionic cholinergic neurones.
All results obtained suggest that the late component may also be related to ACh released from the same neuron. However, further studies are necessary to clarify the reason why atropine inhibits the late component only after treatment with physostigmine.
